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TITANIUM ALLOY BARS AND FORGINGS
l1lsn - 5.0Zr - 2.3A1 - 1l.0Mo - 0.21Si
Solution and Precipitation Heat Treated

1. SCOPE:

1.1 Form:| This specification covers a titanium alloy in the fom(9f bars, wire,
forgings, and forging stock.

ation: Primarily for parts requiring high strength and toughness and
reep resistance up to 900°F (480°C). Certain processing|procedures
and service conditions may cause these products to become subject to
stress—-corrosion cracking; ARP 982 recommends practices to minimize such
conditions.

2., APPLICABLE DOCUMENTS: The following publications form a part of this
specification to the extent specified herein. The latest issue |of Aerospace
Material Specifications (AMS) and Aerospace Recommended Practices (ARP) shall

apply.| The applicable igsue of otheri.documents shall be as spegified in
AMS 2350,

2.1 SAE Publications: Available from SAE, 400 Commonwealth Drive, |Warrendale,
PA 15096.

2.1.1 DAerpspace Material Specifications:

AMS| 2241 - Tolerances, Corrosion and Heat Resistant Steel, I¥on Alloy,
Titanium, and Titanium Alloy Bars and Wire

AMS| 2249 - Chemical Check Analysis Limits, Titanium and Titanium Alloys
AMS| 2350 - /Standards and Test Methods

AMS| 2375 «=\Control of Forgings Requiring First Article Approval

AMS| 2808~ Identif ication, Forgings

2.1.2 BRerospace—Recommended—Practices:

ARP 982 - Minimizing Stress Corrosion in Wrought Titanium Alloy Products

SAE Technical Board rules provide that: “All technical reports, including standards approved and practices recom-
mended, are advisory only. Their use by anyone engaged in industry or trade or their use by governmental agencies
is entirely voluntary. There is no agreement to adhere to any SAE standard or recommended practice, and no com-
mitment to conform to or be guided by any technical report. in formulating and approving technical reports, the
Board and its Committees will not investigate or consider patents which may apply to the subject matter. Prospegl-
tive users of the report are responsible for protecting themselves against liability for infringement of patents.

Copyright 1982 Society of Automotive Engineers, inc.
All rights reserved Printed in U.S.A.


https://saenorm.com/api/?name=49124226a930d1ce7310b4433e128101

AMS 4974A-|

3.

3.

2.3.2 Military Standards:

1

2.2 AST™ Publications: Available from American Society for Testing and

Materials, 1916 Race Street, Philadelphia, PA 19130.

ASTM ES8 - Tension Testing of Metallic Materials

ASTM E21 - Elevated Temperature Tension Tests of Metallic Materials

ASTM E120 - Chemical Analysis of Titanium and Titanium Alloys

ASTM E139 - Conducting Creep, Creep-Rupture, and Stress-Rupture Tests of

~ Metallic Materials

ASTM E292 - Conducting Time-for-Rupture Notch Tension Tests of Materials
2.3 U.S. GovermmentPublicationsT—Avatlablefrom Commamding—Officgr, Naval

Publ:jations and Forms Center, 5801 Tabor Avenue, Philadelphia;{ PA 19120.
2.3.1 Fedgral Standards:

Fedgral Test Method Standard No. 151 - Metals; Test), Methods

MIIASTD-163 - Steel Mill Products, Preparation for Shipment gnd Storage

TECHNIGAL REQUIREMENTS:

C ogition: Shall conform to the following percentages by weight,
determined by wet chemical methods (in accordance with ASTM El12(, by
spectyographic methods in accordance with Federal Test Method Standard
No. 131, Method 112, or by othér analytical methods approved by purchaser:

min max
Tin 10.50 - 11.50
Zirconium 4.00 - 6.00
Alymi num 2.00 - 2.50
Mo 1y bdenum 0.80 - 1.20
Silicon 0.15 = 0.27
Oxygen - 0.15
Irgn - 0.12
Caxbon - 0.04
Nitrogen == 0-0% {400 ppm)
Hydrogen - 0.0125 (125 ppm)
Yttrium - 0.005 { 50 ppm)
Residual Elements, each (3.1.1) -- 0.10
Residual Elements, total (3.1l.1) - 0.30
Titanium remaindexr

3.1.1 Determination not required for routine acceptance.

«2 Check Analysis: Composition variations shall meet the requirements of
AMS 2249; no variation over maximum will be permitted for yttrium, unless
otherwise agreed upon by purchaser and vendor.
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. 3.2 Condition: The product shall be suppiied in the following condition:

3 1l

.2'
v

3.2.2

Bars:

Wire:

Forgings:

For

ng

3.3 Heat

heati
cooli

hg to 1650°F + 25 (900°C + 15), holding at heat for 60 mi
hg at a rate equivalent to air cool or faster and-precipi

treated by heating to 930°F + 15 (500°C + 8), holding,at heat

‘24 hr

3.4

3.4.1 Ba

Prgge

+ 0.5, and cooling in air.

rties: The product shall conform to the following requi

rg, Wire, and Forgings: Product 1.00.in. (25.0 mm) and un

g

diameter or distance between parallel sides shall have the f
properties; product over 1.00 in.

(25:0 mm) in nominal diame

distance between parallel sides shall have properties as ag

pu

3.4.1.1
g

r¢haser and vendor:

Ténsile Properties: The following requirements apply in Ix
lpngitudinal and transverse directions but tests in the tr
irection need be made jonly on product from which a specim
han 2.50 in. (62.5mm) in length can be taken. Tests in {
bngitudinal direction are not required on product tested |
ransverse direction. '

d
t
1l
t

At Room Temperature: Shall be as follows, determined in
with ASTM E8 with the rate of strain maintained at 0.003

Hot finished with or without subsequent cold reduction, solution
and precipitation heat treated, and descaled.

Cold drawn, solution and precipitation heat treated, and descaled.

Solution and precipitation heat treated and descaled.

. 1_5, and
ation heat
or

ments:

er in nominal

bth the
ngverse

n not less
the

ln the

accordance
- 0.007 in.

per inw. per min. (0.003 - 0.007 (mm/mm)/min.) through th
strength and then increased so as to produce failure in
one additional minute; when a dispute occurs between pur

performed on a machine having a strain rate pacer, using
0.005 in. per in. per min. (0.005 (mm/mm)/min.) through the yield

strength and a minimum cross head speed of 0.10 in.
above the yield strength.

(2.5

Tensile Strength, min
Yield Strength at 0.2% Offset, min
Elongation in 4D, min
Reduction of Area, min

145,000 psi
135,000 psi
10%
. 20%

yield
ppraximately
haser and
11 be

a rate of

mm) per min.

(1000 MPa)
( 930 MPa)
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3.4.1.1.2
'

At 800°F (427°C): Shall be as follows; determined in accordance with
AST™M E21 on specimens heated to 800°F # 5 (427°C # 3), held at heat
for 20 - 30 min. before testing, and tested at 800°F + 5 (427°C + 3):

Tensile Strength, min

Yield Strength at 0.2% Offset, min
Elongation in 4D, min

Reduction of Area, min

105,000 psi (725 MPa)
80,000 psi (550 MPa)
15%
30%

3.4.1.2 Stress-Rupture Properties: Shall be as specified in 3.4.1.2.1 and ,

4

3.4.1.2.1
4

3.4.1.2.2

g

g

3.0.-,

A9TM E292 and 1000°F (538°C) tests in accordance with ASTM

3.4.1.2.2.]

3.4.1.2.2.2

3.4.1.3 Creep Properties at 800°F (427°C):

rdance with
E139.

Room-Temperature Notched: A specimen machined to the dimensions shown
in Fig. 1 and Table I, maintained at room temperature whille an axial
stress of 165,000 psi (1140 MPa) is applied continuously, shall not
rupture in less than 5 hours. The initjal stress may be |less than
165,000 psi (1140 MPa) and increased to 165,000 psi (1140 MPa) based
on the initial diameter at root of notchi Jin increments gf 10,000 psi
(70 MPa) at intervals of not less than 5 hours.

At 1000°F (538°C): A tensile specimen, maintained at 100/0°F + 3
(538°C # 2) while a load sufficient to produce an initial axial stress
of 70,000 psi (485 MPa) is applied continuously, shall ndt rupture in
less than 23 hours. The test/shall be continued to rupture without
change of load. Elongation after rupture, measured at rgom
temperature, shall be not. less than 10% in 4D.

The test of 3.4.142:2 may be conducted using a load higher than
required to produce an initial axial stress of 70,000 psi (485 MPa),
but load shallinot be changed while test is in progresg. Time to
rupture and-elongation requirements shall be as specified in
3.4.1.2.2

When permitted by purchaser, the test of 3.4.1.2.2 may [be conducted
using incremental loading. In such case, the load required to
produce an initial axial stress of 70,000 psi (485 MPa) shall be
used to rupture or for 23 hr, whichever occurs first. |After the
—23 hramtat intervals of 8= 16 hr; preferably 8—10hr,
thereafter, the stress shall be increased in increments of 5000 psi
(35 MPa). Time to rupture and elongation requirements shall be as
specified in 3.4.1.2.2.

A tensile specimen, maintained at

]

800°F # 3 (427°C # 2) while a load sufficient to produce an initial
axial stress of 70,000 psi (485 MPa) is applied continuously for 100 hr,
shall not exceed 0.2% creep elongation.
and techniques used to measure creep shall be as agreed upon by
purchaser and vendor.
ASTM E139,

Gage dimensions of specimens

Tests shall be conducted in accordance with
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3.4.1.4 Microstructure: Shall be essentially that resulting from a
processing. The specific alpha + beta microstructure shall
for rejection unless standards for acceptance have been agr

purchaser and vendor. Microstructure shall be cause for re

lpha-beta

not be cause
eed upon by
jection if

any areas of a forging exhibit an all-transformed beta microstructure.

3.4.1.5 Surface Contamination: Except as specified in 3.4.l1l.5.1 an
the product shall be free of any oxygen-rich layer, such as

or other surface contamination, determined by microscopic e

4 3.4.1.5.2,
alpha case,
xamination at

not lower than 100X magnification or other method agreed upon by

pukchaser and vendor.

3.4.1.5.1
4

3.4.1.5.2
g )

Rn oxygen-rich layer not greater than 0.001 in. (0.03 'mm)
Will be permitted on bars other than round.

oxygen-rich layer provided such layer is femovable wit

E:en permitted by purchaser, forgings to be machined all
achining allowance on the forging.

in depth

pver may have
hin the

3.4.2

For

ng Stock:

When a sample of stock is-forged to a test co

tre
conf

s

ed as in 3.3, specimens taken from‘the heat treated coup

brm to the requirements of 3.4.1.1% 3.4.1.2, and 3.4.1.3.

imens taken from the stock after‘heat treatment as in 3.3

upon and heat
on shall

If test
conform to

spec
the
acc

requirements of 3.4.1.1, 3.4.1.2, and 3.4.1.3, the tests
ted as equivalent to tests of a forged coupon.

shall be produced'by mutliple melting using consumable -

ition, sound,r and free from foreign materials and from i
rnal imperfections detrimental to usage of the product.

nces:,\ Unless otherwise specified, tolerances for bars an
to-all applicable requirements of AMS 2241.

ghall be

electrode

tice; at least one of the melting cycles shall be under viacuum.

roduct, as received by purchaser, shall be uniform in qj:lity and

ernal and

d wire shall

4. QUALITY ASSURANCE PROVISIONS:

4.1 Responsibility for Inspection:

The vendor of the product shall supply all

samples for vendor's tests and shall be responsible for performing all

required tests.
required by 4.5.
confirmatory testing deemed necessary to ensure that the produc
the requirements of this specification.

Results of such tests shall be reported to the

Classification of Tests:

purchaser as

Purchaser reserves the right to sample and to perform any

t conforms to
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g

g

g

g

]

4.3
g

4.2.1.3 Tqlerances (3.6) of each lot of bars and wire.

+2 Perjodic Tests: Tests to determine conformance to thé follow

4.2.2.1 T¢nsile properties at 800°F (427°C) (3.4.1.1.2), stress-rup

4.2.2.2 Abhility of forging stock to develop required properties (3.

4.2.3.1

4.2.1 Acceptance Tests: Tests to determine conformance to the foll

owing

requirements are classified as acceptance tests and shall be performed on

each heat or lot as applicable:

4.2.1.1 Composition (3.1) of each heat.

'4.2.1.2 Room-t emperature tensile properties (3.4.1.1.1), microstruc

(3.4.1.4), and surface contamination (3.4.1.5) of each lot
wire, and forgings.

reqyirements are classified as periodic tests and shall be pe
frequency selected by the vendor unless frequencyof testing
by gurchaser:

pgoperties (3.4.1.2.1 and 3.4.1.2.2),.and creép Properties
bdrs, wire, and forgings.

applicable technical requirements of this specification when

ture
of bars,

ing
rformed at a
is specified

ture
( 3.4.1. 3) of

4.2).

4.2.3 Pregroduction Tests: Tests of forgings to determine conformance to all

AMS 2375 is

spedified are classified as, preproduction tests and shall be performed on

the |first-article shipmént of a forging to a purchaser, when
material and/or processing requires reapproval as in 4.4, and
purdhaser deems confirmatory testing to be required.

Far direct U.S.-Military procurement of forgings, substant
data and, when requested, preproduction forgings shall be

the cognizant agency as directed by the procuring activity,
contracting officer, or the request for procurement.

a change in
when

ating test
bmitted to
the

Sampling:‘ Shall be in accordance with the following; a lot shalll be all

product—of the same nominal Size Irom the same heat processed at the same

time:

4.3.1 For Acceptance Tests:

4.3.1.1 Composition: One sample from each heat except that for hydrogen

determination one sample from each lot, obtained after thermal and

chemical processing is completed.
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v

4.3.2
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Tensile Properties: At least one sample from bars and wire from each
"lot. The number, location, and orientation of samples from forgings
shall be as agreed upon by purchaser and vendor.

Other Requirements: As agreed upon by purchaser and vendor.

For Periodic Tests and Preproduction Tests: As agreed upon by purchaser

g

4.3.2.1
g

and vendor.

Spbcimens for room-temperature notched stress-rupture tests shall be
taken in the longitudinal direction from bars and wire.and in the
tapgential direction from forgings.

4.4 Approval: When specified, approval and control of forgings shall be in
accordE

g nce with AMS 2375,

4.5 Eggort _:

4.5.1 The yendor of the product shall furnish with each shipment three copies of
g

4.5.2

a report showing the results of tests for-chemical compositiom of each
heat|{and for the hydrogen content and fténsile properties of eIch lot, and
stating that the product conforms to the other technical requjrements of
this| specification. This report shall include the purchase ofder number,
heat|number, AMS 4974A, size, and quantity from each heat. If forgings
arequpplied, the part number @nd the size and melt source of [ stock used
to ke the forgings shall also be included.

The yendor of finished or’/semi-f inished parts shall furnish with each
shippent three copiestof a report showing the purchase order pumber,

AMS 1974A, contractor or other direct supplier of material, part number,
and antity. Whén material for making parts is produced or purchased by
the parts vendor) -that vendor shall inspect each lot of materjal to
detetmine conformance to the requirements of this specificatign and shall
inclyde in.the report either a statement that the material conforms or
copies of’,laboratory reports showing the results of tests to determine
conformance.

Resampling and Retesting: If any specimen used in the above tests fails

to meet the specified requirements, disposition of the product may be
based on the results of testing three additional specimens for
eachoriginal nonconforming specimen. Failure of any retest specimen to
meet the specified requirements shall be cause for rejection of the
product represented and no additional testing shall be permitted. Results
of all tests shall be reported.

5. PREPARATION FOR DELIVERY:

5.1 14

entification: The product shall be identified as follows:
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5.1.1 Bars and Wire:
5.1.1.1 Each straight bar over 0.500 in. (12.50 mm) in nominal diameter or least
width of flat surface shall be marked in a row of characters recurring
at intervals not greater than 3 ft (900 mm) with AMS 4974A, heat number,
and manuf acturer's identification. The characters shall be of such size
as to be 1egible, shall be applied using a suitable marking fluid whose
residue shall contain not more than traces of halogen-bearing compounds,
and shall be removable in hot alkaline cleaning solution without
rubbing. The markings shall have no deleterious effect on the product
or| its performance and shall be sufficiently stable to withstand normal
handling.
5.1.1.2 Straight bars and wire 0.500 in. (12.50 mm) and underxin nominal
dilameter or least width of flat surface shall be sécurely ndled and
identified by a durable tag marked with the purchase order number,
4974A, heat number, nominal size, and manufacturer's identification
attached to each bundle or shall be boxéd and the box njarked with
e same information.
5.,1.1.3 Cdiled bars and wire shall be securely bundled and identifiled by a
[} durable tag marked with the purchaseCorder number, BMS 4974A, heat
number, nominal size, and manufacturer's identification and attached to
edch coil or shall be boxed and the box marked with the s information.
5.1.2 Forgings: In accordance with AMS 2808.

Fording Stock: As agreed.-upon by purchaser and vendor.

5 1

.2.
g

5.2 Packacing:

The [product shall be prepared for shipment in accordance with commercial
pradqtice and incompliance with applicable rules and regulatilons
pertaining to’the handling, packaging, and transportation of [the product
to gnsure carrier acceptance and safe delivery. Packaging sHall conform
to garrier rules and regulations applicable to the mode of tgansportation.

For |direct U.S. Military procurement, packaging shall be in gccordance
with MIL-STD-163, Level A or level C, as specified in the request for
procurement. Commercial packaging as in 5.2.1 will be acceptable if it
meets the requirements of Level C.

6. ACKNOWLEDGMENT: A vendor shall mention this specification number and its

revision letter in all quotations and when acknowledging purchase order.

7. REJECTIONS: Material not conforming to this specification or to
modifications authorized by purchaser will be subject to rejection.
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